In November 2014, the German weekly *Die Zeit* confronted readers with a disturbing image. Staring at each other across the title page were a friendly looking pig and a human wearing a surgeon\'s mask. The image was titled "Revenge From the Sty."[1](#fn0005){ref-type="fn"} Inside the issue, numerous articles warned about the overuse of antibiotics on German farms and the dire health effects of resistant pathogens. The November issue of *Zeit* marked the beginning of a series of *Zeit* reports dedicated to bacterial resistance and hygiene problems in food production and hospitals. According to *Correct!v*, the reporter collective behind many of the articles, the three most common multi-resistant pathogens (MRSA, ESBL, and VRE) were annually responsible for over 30,000 deaths and at least 1,000,000 infections in German hospitals. However, resistant bacteria were not limited to hospitals. Since the early 2000s, multi-resistant LA-MRSA CC398 had spread rapidly throughout German sties. In the intensive animal husbandry regions of Northern Germany, almost every third detected colonisation of humans with MRSA was defined as "livestock-associated" and almost 10% of infections detected in humans were caused by LA-MRSA CC398. Accordingly, the *Zeit* accused farmers and veterinarians of overusing antibiotics and endangering public health for the sake of cheap meat and quick profits.[2](#fn0010){ref-type="fn"}

In response, furious farmers and veterinarians picketed the *Zeit* building in Hamburg. However, farmers failed to win public sympathy. In a 2014 *Zeit* interview, Minister of Agriculture Christian Schmidt went so far as to suggest restricting veterinary prescription rights. Six months later, the German government passed a new one-health based strategy to reduce bacterial resistance (DART 2020).[3](#fn0015){ref-type="fn"}

How did it come to a situation where farmers were picketing newspapers and politicians were questioning veterinarians' prescription rights? Now focussing primarily on bacterial resistance, German controversies about agricultural antibiotics are sixty-four years old. In 1951, antibiotics' mass-introduction to West German agriculture enabled an unprecedented boom of animal production. It did not take long for side effects to emerge. Agricultural antibiotic use could cause residues in food and the environment, enable substandard welfare conditions, and select for bacterial resistance.

Faced with these hazards, Germans had to decide how to regulate the former miracle substances. However, different antibiotic hazards entail different regulatory responses: whereas it is sufficient to enforce drug withdrawal times to prevent residues in animal tissues and upgrade husbandry methods to improve welfare, only a permanent reduction of antibiotic use will curb bacterial resistance. Regulations' shapes thus depend on which risks societies are most concerned about: residues in food, resistant pathogens, or maltreated animals.

Establishing antibiotic risk priorities is not straightforward. According to the sociologist Ulrich Beck, the modern category of risk has substituted absolute truth with hundreds of relative truths. Risk\'s virtual, probability based, anticipatory nature means that everything can be but nothing is risky. Risk is the anticipation of catastrophe but not the actual catastrophe. The anticipatory dimension of risk influences human expectations and triggers actions designed to avoid anticipated outcomes.[4](#fn0020){ref-type="fn"} Because of risk\'s half-known, anticipatory nature, objective measurements and authoritative expertise do not exist: "no one is an expert or everyone is an expert."[5](#fn0025){ref-type="fn"} Ultimately, wider cultural evaluations decide whether a risk is seen as dangerous, urgent, real, or negligible. According to Beck, the "objectivity of a risk is the product of its perception and its staging. .... The risks we think we perceive and which scare us are the mirror image of ourselves and our cultural perceptions."[6](#fn0030){ref-type="fn"}

The concept of risk developed by Beck and others has given rise to a rich vein of literature on the commodification and distribution of risk and the changing and contested evaluation of risky substances and technologies.[7](#fn0035){ref-type="fn"} Some studies have stressed how distinct ways of producing knowledge have structured different ways of regulating risk. Focussing mainly on politics, legal systems, and experts, Sheila Jasanoff has highlighted how distinct "civic epistemologies" have produced different evaluations of controversial technologies in the US and Europe. Meanwhile, Alexander von Schwerin has pointed to the formation of risk epistemes amongst groups of scientists and resulting evaluations and representations of risk and risk policies. However, neither Jasanoff nor Schwerin extend their analysis to the wider cultural staging and evaluation of risks amongst consumers and lay users of risky technologies.[8](#fn0040){ref-type="fn"}

This paper supplements research on civic epistemologies and risk epistemes with a focus on the development and impact of popular vernacular risk cultures.[9](#fn0045){ref-type="fn"} Building on the work of Heiko Stoff, Alexander von Schwerin, and Ulrike Thoms,[10](#fn0050){ref-type="fn"} this paper will show how the West German regulation of agricultural antibiotics was influenced by a widespread cultural *Angst* of adulteration and poisoning via invisible substances. By analysing reports in the national media, responses by the agricultural press, and decision-making by scientists and the federal government, it will become clear that West Germans' *Angst* had deep-seated cultural-linguistic roots. Commonly referred to as *Chemie* (chemistry/chemicals) or---even worse---*Gift* (poison),[11](#fn0055){ref-type="fn"} many Germans associated agricultural antibiotics more with familiar toxic or carcinogenic chemicals and additives than with their use in medicine.

In turn, this toxicity- and carcinogen-focussed vernacular *Angst* influenced both scientific risk epistemes and regulatory decision-making. Whereas the public\'s *Chemie*-focus led to an early ban of antibiotic food preservation and an impressive residue-monitoring program, it also reduced political pressure for measures to combat bacterial resistance proliferation. Following a brief 1970s spurt of resistance-inspired regulation, West German attempts to address resistance proliferation remained stunted. Germany\'s focus on residues changed only gradually after reunification and led to a ban of antibiotic growth promoters (AGPs) by 2006. It is telling that in the context of the Transatlantic Trade and Investment Partnership, the German public seems to be more concerned about "toxic" US *Chlorhähnchen* (chlorinated chickens) than about permissive American antibiotic regulations.[12](#fn0060){ref-type="fn"}

It\'s a toxic world: West German antibiotic regulation 1945--1971 {#sec0005}
=================================================================

Although farmers were already using antimicrobial sulphonamides during the interwar period, it was not until the discovery of the so-called antibiotic growth effect that antibiotics' mass-introduction to Western agriculture truly began. Publishing their findings in 1950, Thomas Jukes and E. L. Stockstad found that if consumed at low (subtherapeutic) doses, many antibiotics allowed animals to process feeds more efficiently and grow quicker. In addition to providing significant feedstuff savings, AGPs also promised to control bacterial herd infections. This latter effect was particularly important in the increasingly densely populated postwar sties.[13](#fn0065){ref-type="fn"}

Whereas AGPs soon became extremely popular on US farms, West German antibiotic consumption initially lagged behind. After average daily caloric intake had fallen to 1100 calories during the "hunger-winter" of 1946--47, German officials attempted to boost food production whilst reintegrating thousands of refugees into the country\'s damaged fabric. As a consequence, many of the 11,571 new farms created in West Germany by 1950 were no bigger than ten hectares and not specialised on animal production. Although West Germany licensed antibiotics as "substances with special effect" for feeds in 1951, these were hardly conditions in which AGP use could flourish.[14](#fn0070){ref-type="fn"}

However, major changes were afoot. Despite popular *Kulturkritik* of American mass culture,[15](#fn0075){ref-type="fn"} West German planners looked to the US for ways to intensify agriculture. During the early 1950s, enthusiastic agricultural media reports and exchange programs led many younger farmers to embrace US farming methods.[16](#fn0080){ref-type="fn"} Changes were particularly dramatic in the livestock sector where renewed access to international markets and cheap grain prices made many farmers concentrate entirely on animal production. By 1953--54, 70% of West German agricultural earnings resulted from selling animal products. Animal production was further fuelled by West Germany\'s economic take-off and concomitant *Fresswelle* (wave of gluttony). Whereas the average West German ate 37 kg of meat in 1950, this figure had doubled to 74 kg in 1968.[17](#fn0085){ref-type="fn"}

In order to supply growing demand during times of rising labour costs and international competition, farmers began to invest in labour saving intensive animal production systems. Pioneered in the US, these year-round factory-like systems relied on regular antibiotic use to maintain herd health rather than veterinary treatment of individual animals. Unsurprisingly, both the US High Commission and American manufacturers propagated the adoption of US agricultural technology and sold production licenses for AGPs to West German companies.[18](#fn0090){ref-type="fn"}

By the early 1960s, agricultural antibiotics had become a fixture in West German sties. In farming magazines, articles and commercials praised AGPs, antibiotic therapies, and numerous other applications.[19](#fn0095){ref-type="fn"} In 1966, the Minister of Agriculture estimated that about 80% of mixed feeds for young pigs, veal calves, and poultry contained antibiotic additives. AGPs remained banned for egg laying poultry, feeder cattle, and dairy cows.[20](#fn0100){ref-type="fn"} Although therapeutic doses were restricted to veterinary prescriptions, prescription-free AGPs could contain penicillin, spiramycin, oleandomycin, oxytetracycline, chlortetracycline, tetracycline, and bacitracin.[21](#fn0105){ref-type="fn"} By 1968, experts calculated that AGPs were annually saving German farmers 300--400 million marks in feed expenses.[22](#fn0110){ref-type="fn"} In 1970, one commentator exclaimed: "intensive mass-animal husbandry would be impossible without these mushroom-derived products."[23](#fn0115){ref-type="fn"}

Initially, commentators in the national press also expressed enthusiasm about antibiotics' agricultural applications. Throughout the 1950s, the conservative *Frankfurter Allgemeine Zeitung* (FAZ), the left-leaning magazine *Der Spiegel*, and the liberal *Zeit* mostly praised medical and non-medical antibiotic-applications as part of a new "chemical age." In 1954, the *Spiegel* enthused: "chemotherapeutics are now commonly available, and it is not much more difficult to kill a bacillus than to swat a fly."[24](#fn0120){ref-type="fn"} Despite printing reports about antibiotic allergies and bacterial resistance in hospitals, early commentators failed to connect problems to antibiotic use on farms.[25](#fn0125){ref-type="fn"}

However, by the second half of the 1950s, more sceptical comments began to appear. In 1956, the *FAZ* criticized new US antibiotic food preservatives: "The 'marriage' between medication and cutlet seems to us to be too unnatural to accept without opposition."[26](#fn0130){ref-type="fn"} The newspaper\'s characterization of antibiotics as unnatural was significant. Although manufacturers like Pfizer stressed that antibiotics were derived from "natural" moulds,[27](#fn0135){ref-type="fn"} the German public categorised them as artificial *Chemie* (chemicals/chemistry). In the vernacular risk parlance of West Germans, agricultural antibiotics were therefore grouped in close linguistic association with other *Chemie* like hormones and food dyes. Over the following decades, agricultural antibiotics' image would be tarnished via linguistic association with unrelated toxic or carcinogenic substances.

Fear of *Chemie* had deep roots in German culture. Since the nineteenth century *Lebensreform*, many Germans had participated in movements emphasizing the benefits of unadulterated food. During the interwar period, the growing focus on purer and therefore healthier lifestyles had given rise to numerous alternative agricultural and dietary schools. Common to many *Lebensreform* movements was the rejection of artificial *Chemie* such as fertilisers and pesticides in favor of "natural" circular farming. For supporters of alternative nutrition and agriculture, the adulteration of food and bodies was linked to degenerative diseases and cancer. German scientists contributed to these fears by increasingly distinguished between *Wirk*- and *Fremdstoffe* (active and foreign substances) in food. The Nazis, in their misguided quest for physical and racial superiority, also adopted elements of *Chemie*-free movements. Concerned about adulterated nutrition and carcinogens, the Nazis supported preventive health and dietary reform campaigns and research.[28](#fn0140){ref-type="fn"} However, as with other "green streaks" of fascism, the Nazi approach to preventive health and food purity was unsystematic and contradictory and wartime constraints often led to the abandonment of long-term health considerations.[29](#fn0145){ref-type="fn"}

Nonetheless, interwar public and expert concerns about *Chemie* left a strong mark on Germans. With many supporters of food purity retaining influential posts, the postwar years saw a rapid resurgence of public *Chemie*-fears and an expert risk episteme firmly focused on the chemical adulteration of food and bodies. As early as 1949, a warning about the carcinogenic food dye butter yellow by Nobel laureate Adolf Butenandt triggered a large-scale letter campaign to President Theodor Heuß. During the early 1950s, fears of carcinogenic "Noxen" and a general condition of toxicity (*toxische Gesamtsituation*) fostered the establishment of numerous expert committees. Under the leadership of Adolf Butenandt and pharmacologist Hermann Druckrey, the German Research Foundation\'s (*Deutsche Forschungsgemeinschaft*, DFG) commission on food colorants (*Farbstoffkommission*) popularized Druckrey\'s so-called summation concept according to which even small doses of certain substances could cause cancer. The West German risk episteme was also successful internationally. West German experts soon regained leading roles within international bodies on cancer and food and Druckrey and his allies pressed for the establishment of an international list of "unobjectionable" food additives. In 1957, a European conference in Ascona---site of the famous vegetarian and nudist Monte Verità colony of artists, intellectuals, anarchists, and *Lebensreform* activists---developed an influential "positive list" of twenty-two unobjectionable food dyes.[30](#fn0150){ref-type="fn"}

Druckrey\'s demands for a statutory list of approved substances found widespread public approval in West Germany and reinforced the popular risk vernacular surrounding *Chemie*. In 1956, the German Society for Nutrition called for a reduction of non-essential chemical food additives.[31](#fn0155){ref-type="fn"} The same year also saw a reprint of Curt Lenzner\'s 1931 influential *Gift in der Nahrung* (Poison in Food), which advocated a return to wholesome "pure" food.[32](#fn0160){ref-type="fn"} In 1957, the West German consumer council for nutritional questions bemoaned the "nonchalance with which the advances of the chemical industry are often seen abroad."[33](#fn0165){ref-type="fn"}

Resurgent *Chemieangst* also provoked attacks on antibiotic use in food production. The most active early group of West German critics was the *Gesellschaft für Vitalstofflehre* (society for vital substance teaching), which promoted scientific wholefood nutrition as a way to strengthen the body\'s natural defenses against to the hazardous synthetic artifice of modern civilization. Founded by the chemist Hans-Adalbert Schweigart, the *Gesellschaft* attracted many former Nazis but could later also point to Albert Schweitzer and Linus Pauling as prominent supporters. In 1955, it called for more research on agricultural antibiotics. Members of the *Gesellschaft* were concerned about bacterial resistance but mostly worried that antibiotics would disrupt the intestinal flora\'s vital powers.[34](#fn0170){ref-type="fn"} Werner Kollath was amongst the most prominent antibiotic critics. An inventor of the wholefood diet and former Nazi, Kollath\'s 1942 book *Die Ordnung unserer Nahrung* warned against the degradation of living food through processing. Postwar, Kollath was thus naturally critical of antibiotics' growing use in food production. In 1959, he wrote a letter to the *FAZ* accusing the Munich veterinarian and animal nutritionist Johannes Brüggeman of trivializing AGPs' hazards. Kollath warned that antibiotics selected for temporary resistance, destroyed the natural intestinal flora, and reduced meat\'s nutritional quality.[35](#fn0175){ref-type="fn"} However, Kollath\'s *Vitalstoff*-focused warnings proved ineffective.

Instead of addressing concerns about resistance or vital substances, the passing of the 1958 West German food law (*Lebensmittelgesetz*) once again revealed the power of antibiotics' cultural association with *Chemie* and both reflected and reinforced the vernacular risk focus on *Chemie.* Despite many similarities to contemporary US legislation,[36](#fn0180){ref-type="fn"} one of the German food law\'s notable bans concerned antibiotic preservatives. Ahead of the 1958 reform, Prof. S. Walter Souci, head of the West German Research Institute for Food Chemistry, gave a long interview to the *Spiegel* in which he referred to a widespread German *Chemikalienfurcht* \[*Chemie*-fear\]. Significantly, Souci did not disagree with Germans' *Chemikalienfurcht*. The new food law would permit substances only after manufacturers had shown them to be safe. Adopting tropes of contemporary *Kulturkritik*, Souci rejected the Anglo-American focus on consumer choice and recommended "re-educat\[ing\]" consumers to appreciate "natural"[37](#fn0185){ref-type="fn"} food and its colors.

Amongst the substances Souci specifically opposed were antibiotic food preservatives. Already licensed in the US and Canada and under consideration in the UK, tetracycline ice and dips were used to preserve fish, shellfish, and poultry. However, Souci noted that German regulators had "fundamental concerns" about adding such "extraneous substances" to "essential foodstuffs \[*Grundlebensmittel*\]."[38](#fn0190){ref-type="fn"} Ahead of his *Spiegel* interview, Souci had been part of a West German delegation to the US. Following its return, the delegation warned: "It is absolutely necessary to maintain the ban of antibiotics and hormones and more clearly differentiate the \[law on animal feeds from the food law\]."[39](#fn0195){ref-type="fn"} When discussing liberal US chemical use, a delegation member pointed out that, in contrast to Germany, US lawmakers "work\[ed\] on the premise of the correctness of all studies conducted by industry."[40](#fn0200){ref-type="fn"} Although the German delegation was aware of US consumer concerns, it noted that these "did not have the same importance in the opinion of the wider public as in Germany."[41](#fn0205){ref-type="fn"}

Passed in December 1958, section 4b of the West German food law banned the use of antibiotic preservatives. Officials justified their decision by referring to antibiotics' selection for resistant pathogens on food and residues' allergenic effects. Other substances banned by section 4b were potentially carcinogenic preservatives, pesticide residues, and hormones with thyreostatic effects.[42](#fn0210){ref-type="fn"} The German association of housewives (*Berufsorganisation der Hausfrauen*) greeted the new law: "For the housewife, foreign substances are everything that is not contained in food from the start, i.e. also vitamin and provitamin additives, chemical smell and taste additives,.. and of course hormones and antibiotics...."[43](#fn0215){ref-type="fn"}

Despite referring to the selection for bacterial resistance to justify banning antibiotic preservation, officials did not express concern about similar resistance selection on farms. Instead, the issue of bacterial resistance remained linked and limited to antibiotics' immediate presence in dips, ice, the gut, or food. When asked about AGPs in 1958, Souci deemed the emergence of harmful resistant bacteria "rather unlikely" and was far more concerned about "a potentially toxic effect"[44](#fn0220){ref-type="fn"} of antibiotic residues and metabolites in foodstuffs. This emphasis on antibiotics' unknown metabolites and view of bacterial resistance reflected the contemporary state of knowledge. Aware of antibiotic resistance since the early 1940s, researchers thought that bacterial resistance proliferated only vertically in a hereditary fashion. Bacteria were either naturally resistant or developed resistance through random mutations. Whereas antibiotics selected for resistant bacteria, discontinuing antibiotic use would end this evolutionary advantage and lead to resistant bacteria\'s competitive inhibition by sensitive bacteria. The vertical or "genetic" interpretation of bacterial resistance was further strengthened by the contemporary Lysenko affair\'s discrediting of "adaptationist" explanations of resistance. In contrast to later environmental concepts of "horizontal" resistance proliferation, thinking of resistance proliferation as the spread of individual bacterial strains made it easy to conceive of resistance as a phenomenon that was limited to certain locales. Because resistant strains would be subject to competitive inhibition once outside of antibiotic environments, 1950s experts could easily express concern about spreading resistance in hospitals whilst remaining unconcerned about similar resistance selection on farms. Meanwhile, the rapid development of new antibiotics made observers confident about humans' ability to stay ahead of bacterial resistance.[45](#fn0225){ref-type="fn"}

The combination of regulators' and experts' residue-focused risk episteme, the public\'s *Chemie*-oriented risk vernacular, and the theory of vertical resistance proliferation helps to explain why AGPs were licensed with such ease throughout the 1950s. As described by Ulrike Thoms, the majority of West German experts remained enthusiastic about antibiotics' ability to boost national and global food production and help farmers survive growing competition.[46](#fn0230){ref-type="fn"} Attending influential symposia in the US, German researchers estimated that AGPs produced a surplus of 17.50--27.50 Marks per 100 kg of meat.[47](#fn0235){ref-type="fn"} Further aiding AGPs' rapid licensing was the confused state of West German drug and feed legislation. Until 1961, West Germany had no unified drug law and the new law was quickly made obsolete by the contemporaneous thalidomide scandal. It was only in 1976 that a new drug law created a mandatory licensing system based on efficacy and safety controls.[48](#fn0240){ref-type="fn"} Still based on rules from 1926, similar confusion characterized German feed regulations. After the 1951 *Futtermittelnormordnung* (feedstuff norm regulation) licensed antibiotics in feeds as "substances with a special effect," AGP manufacturers could send permit petitions to a Ministry of Agriculture expert committee. However, permit evaluations cannot have been too demanding since the number of special permits, permit modifications, and other rulings had grown to 17,121 by 1967.[49](#fn0245){ref-type="fn"}

Meanwhile, officials had virtually no oversight of antibiotics' use on farms or presence in foodstuffs. In 1968, Prof. Dieter Großklaus of the Federal Health Office \[*Bundesgesundheitsamt*\] warned about "absolutely insufficient" assay methods and called for an "encompassing residue control for German animal products."[50](#fn0250){ref-type="fn"} However, Großklaus' warnings went unheeded. Instead, officials and media commentators boasted about the superiority of West German food safety and complained about lax foreign standards.[51](#fn0255){ref-type="fn"} This would not stay so for long.

In Britain, unique research facilities were gradually shifting concerns away from residues to the issue of bacterial resistance proliferation. Starting in the mid-1950s, British scientists published alarming data on the spread of resistant bacteria on farms and in hospitals.[52](#fn0260){ref-type="fn"} By the mid-1960s, concerns were heightened by findings that resistance not only proliferated *vertically* but could also be communicated *horizontally* between different bacterial species via the exchange of extrachromosomal DNA fragments called plasmids. Plasmid-borne resistance (R-factors) spread in an "infectious" manner and turned bacterial resistance from a local into an environmental hazard.[53](#fn0265){ref-type="fn"} Alarmed, the British government convened two so-called Netherthorpe committees on agricultural antibiotics, which called for a change of licensing in favor of nontherapeutic (therapeutically irrelevant) antibiotics in 1962 and a review of veterinary prescription practices in 1966.[54](#fn0270){ref-type="fn"}

German reactions to the Netherthorpe reports were mixed and mostly linked the dangers of resistance to the immediate presence of antibiotic residues. During the early 1960s, influential researchers like Hans Knothe from the University of Kiel claimed that there was no evidence of harm resulting from AGP-use. Knothe\'s position was endorsed by the German Congress of Physicians (*Ärztetag*) in 1959 and by the Federal Health Council (*Bundesgesundheitsrat*) in July 1961. In 1963, Knothe claimed that in the case of tetracycline, resistance development in humans became relevant only when exposure exceeded 25 mg per day. A decade of experience had shown that allergies would not emerge because AGPs were too low-dosed and residues were destroyed by cooking.[55](#fn0275){ref-type="fn"} Media reports on antibiotic resistance also remained marginal. Whereas one *FAZ* article warned against resistance development,[56](#fn0280){ref-type="fn"} another portrayed antibiotics as natural substances also "contained in natural feed- and vegetable plants, for example nasturtium."[57](#fn0285){ref-type="fn"} The latter article criticized Germans' adherence to the false binary of "'natural' and 'good"' vs. "'unnatural' and 'bad'."[58](#fn0290){ref-type="fn"} In 1964, Ruth Harrison\'s *Animal Machines* \[translation 1965\][59](#fn0295){ref-type="fn"} triggered West German protest against animal welfare problems and antibiotic overuse on "factory farms." However, once again, the main issue was not the selection for bacterial resistance but antibiotics' effect on food quality and safety. In 1966, a *Spiegel* article\'s almost literal translation of *Animal Machines* described agricultural antibiotics as a ticking "biological bomb"[60](#fn0300){ref-type="fn"} but continued to limit the hazards of resistance proliferation to antibiotic residues' immediate presence. The *Chemie*-focus proved hard to break.

It was only in 1967---over one year after reports in the Anglo-American press---that the *Spiegel* warned its readers about plasmid-borne R-factors as "tentacles of horror."[61](#fn0305){ref-type="fn"} Citing the *New England Journal of Medicine*, the *Spiegel* accused the "tons (*Tonnen-Quantitäten*)"[62](#fn0310){ref-type="fn"} of agricultural antibiotics of facilitating a return to pre-antibiotic times. In 1968, the *Zeit* followed suit and warned about resistant epidemics resulting from overuse of agricultural antibiotics. Describing plasmids as a kind of "bacterial esparanto,"[63](#fn0315){ref-type="fn"} the newspaper enumerated policy measures to counteract resistance such as mandatory antibiotic withdrawal periods prior to slaughter and a reservation of therapeutically relevant antibiotics for humans. However, despite its belated acknowledgment of "dangerous" R-factors, the West German press continued to frame antibiotic hazards mainly as invisible residues.[64](#fn0320){ref-type="fn"} "Infectious resistance" emanating from farms thus failed to change the traditional risk vernacular\'s focus on chemical residues. The staging of the new risk had been unsuccessful.

West German farmers shared the national media\'s culturally ingrained focus on *Chemie*-residues. Although most farmers reacted hostile to consumer criticism, farming magazines featured many articles warning about exposure to *Chemie* in food and the environment. On fields and in sties, *Chemie* was considered beneficial, in human bodies *Chemie* was equated with *Gift*.[65](#fn0325){ref-type="fn"} This rule also held true for agricultural antibiotics. Lacking national residue controls, dairies and magazines informed farmers how to avoid antibiotic residues in milk when treating cows for mastitis (a wide group of bacterial udder infections). By contrast, warnings about bacterial resistance rarely featured.[66](#fn0330){ref-type="fn"}

However, major changes were afoot. In 1969, Britain announced pioneering resistance-motivated AGP bans. Compelled by scientific and public pressure, the British government had convened the so-called Swann Committee in 1968. One year later, the Swann Committee\'s report called for a ban of penicillin and tetracycline AGPs. Only antibiotics considered medically irrelevant were to be included in AGPs. Although resulting reforms failed to reduce either antibiotic use or bacterial resistance, the British Swann report heralded a major shift of antibiotic regulation and put significant pressure on other European governments to reform their antibiotic regulations.[67](#fn0335){ref-type="fn"}

In Germany, reform calls were endorsed by the DFG and led to the formation of a new expert and regulatory risk episteme focusing on the hazards of bacterial resistance. In 1967, the DFG Commission on Active Ingredients in Animal Nutrition (*Kommission für Wirkstoffe in der Tierernährung*) under veterinary pharmacologist Helmut Kewitz had begun to canvass experts' opinions on AGPs.[68](#fn0340){ref-type="fn"} Published only slightly after Swann, a 1969 report by the Kewitz Commission warned that none of Germany\'s AGPs fulfilled pre-defined DFG criteria. Feed antibiotics should:1)be resorbed only in small quantities in the gastro-intestinal tract;2)not effect changes in animals' bodies, which would complicate residue detection;3)not possess antigenic or haptic properties \[*Hapteigenschaft*\], so that allergies would not occur;4)not be used as therapeutics for humans and animals and not select for cross- and multiresistance to therapeutic antibiotics.[69](#fn0345){ref-type="fn"}

Criticizing penicillin\'s allergenic properties, the Commission reported that DFG-commissioned microbiological evaluations had confirmed the danger of "infectious" (multi)-resistance emanating from AGP-fed animals. It was necessary to "assume that \[AGPs\] would reduce the therapeutic efficacy of antibiotics"[70](#fn0350){ref-type="fn"} for human and animal diseases---especially those associated with *enterobacteriacae*. The Kewitz Commission recommended "no longer delaying unavoidable decisions."[71](#fn0355){ref-type="fn"} West Germany should restrict nonmedical antibiotic use and only license nontherapeutic AGPs that did not select for multiple resistance amongst intestinal bacteria. With the exception of penicillin feeds, which were to be banned immediately, the Commission recommended a transitional period of three to four years for the introduction of AGP-restrictions. It was hoped that this would foster the development of nontherapeutic AGPs. Other recommendations included reducing antibiotic use during animals' finishing period, mandating DFG-approved antibiotic dosages, and avoiding further expansions of antibiotic use.

The age of the *Chemie-Bauer* (1970--1989) {#sec0010}
==========================================

Although it endorsed the Kewitz report and banned penicillin AGPs as early as 1969, the West German government could not enact further restrictions on its own. As a member of the European Economic Community\'s (EEC) Common Agricultural Policy (CAP), West Germany had agreed to harmonize its veterinary drug, feed, and food laws with the rest of the community.[72](#fn0360){ref-type="fn"} Launched in 1967 and supposed to come into effect in 1969, initial EEC harmonization policies were supposed to unify labels, drug dosages in feeds, and tolerance levels for residues in animal tissues. While initial EEC harmonization had not addressed antibiotic resistance or restrictions, the Swann and Kewitz reports prompted the EEC to pass Directive 70/526/EEC in November 1970. The directive gave member states up to six years to phase out penicillin, tetracyclines, and the macrolide spiramycin from AGPs.[73](#fn0365){ref-type="fn"} In West Germany, tetracycline AGPs were phased out by August 1973 and streptomycin AGPs' license expired in 1974. Reasserting the trope of superior German standards, a federal official proclaimed that West Germany was "probably the state with the least antibiotic classes used in feeds."[74](#fn0370){ref-type="fn"}

However, German media commentators did not think that phasing out AGPs went far enough. Instead, the 1970s and 1980s saw an intensification of *Chemie*-fears and portrayals of farmers as irresponsible *Chemie*-*Bauern* (chemical farmers). Regarding antibiotics, the resurgent popular risk vernacular of *Chemie* residues once again overshadowed the risk of resistance proliferation and shaped German antibiotic regulation. In 1971, a *Spiegel* cover featured a table laden with meat products bearing poison (*Gift*) signs ([Fig. 1](#fig0005){ref-type="fig"}). The issue was titled "Drugs in the feed, poison on the table."[75](#fn0375){ref-type="fn"} Despite the coming AGP restrictions, the *Spiegel* claimed: "the drug \[*Die Droge*\] is still omnipresent in \[animals'\] trough."[76](#fn0380){ref-type="fn"} With legal and illegal access to many dangerous substances, farmers were endangering consumers. Farmers' use of the toxic antibiotic chloramphenicol "was as dangerous as the razor in the hand of the monkey."[77](#fn0385){ref-type="fn"} Referring to "black market channels" and invoking the specter of cancer, an "industry expert" warned: "nobody controls to what extent crunchy cutlets and roast chickens from the grill contain dangerous residues."[78](#fn0390){ref-type="fn"} With slaughtered animals supposedly "full of antibiotics to their neck,"[79](#fn0395){ref-type="fn"} the magazine clamed that a recent study had found antibiotic residues in over 67.3% of 1508 veal carcasses. Despite noting that up to 10% of human coli-bacteria were already resistant to more than five antibiotics, the *Spiegel\'s* main concern was clearly that Germans were "unprotected from residues of penicillin in their breakfast milk, from carcinogenic arsenicals in their crunchy cutlet."[80](#fn0400){ref-type="fn"} In the *Zeit*, Theo Löbsack reported that illegal veterinary drug sales now accounted for 40--50 million Marks or 30--40% of the total market.[81](#fn0405){ref-type="fn"} The *FAZ* printed similar reports.[82](#fn0410){ref-type="fn"}

The intensification of German concerns about antibiotic residues was no coincidence. In 1972, newspapers had reported a major residue scandal in Bavaria. Between 1970 and 1972, the city of Munich had analyzed 19,000 animal carcasses for antibiotic residues. According to the Director of Communal Services, Werner Veigel, the results were "simply scandalous": signs of veterinary drug abuse and residues had been detected in 12% of cattle, 22% of calves, 7% of pigs, and 3% of sheep.[83](#fn0415){ref-type="fn"} Downplaying Veigel\'s findings and putting pressure on the defiant official, the Bavarian government wrongly claimed that tests had included so-called casualty slaughters and that ordinary Bavarian meat was unobjectionable.[84](#fn0420){ref-type="fn"}

Prompted by Veigel\'s warnings, an EEC information request disclosed that Bavarian histological analyses had shown that 27% of male and 56% of female calf carcasses indicated exposure to illegal carcinogenic estrogens.[85](#fn0425){ref-type="fn"} Meanwhile, the Bavarian Veterinary State Research Institute found antibiotic contamination in 23.9% of fresh meat, 32.6% of meat products, and 3.2% of milk samples.[86](#fn0430){ref-type="fn"} Internally, West German officials acknowledged that there was "no doubt that animals and fresh meat contained a certain extent of antimicrobial substances."[87](#fn0435){ref-type="fn"} However, the supposedly strict West German meat inspection (*Fleischbeschaubesetz*) and food laws (*Lebensmittelgesetz*) contained no clause allowing officials to penalize offenders. Section 4b Nr. 1 of the 1958 food law prohibited antibiotics' deliberate addition to food but did not address their "accidental" presence in meat. In contrast to the milk law (*Milchgesetz*), which mandated a five-day antibiotic withdrawal period and outlawed residues in milk, officials had to prove to courts that individual residue amounts found in meat would endanger consumers' health.[88](#fn0440){ref-type="fn"}

With food security compromised and residues also found in meat imports, Bonn was once again forced to act. In 1972, social democratic Minister of Health Käte Strobel, who had been one of the key forces behind the 1958 food law, promised to upgrade meat controls, reduce antibiotic concentrations in feeds, and introduce mandatory drug withdrawal times.[89](#fn0445){ref-type="fn"} Reflecting the public\'s on-going risk prioritization of residues, officials, however, did not choose to monitor for bacterial resistance. They also considered further antibiotic restrictions "unacceptable" because they expected "the strongest resistance \[from farmers\]."[90](#fn0450){ref-type="fn"} Concerned about agricultural protest, a memo advised the Bavarian government "to avoid everything that could distract the public from the sole responsibility of the federal government for the solution of the problem."[91](#fn0455){ref-type="fn"}

Following bitter internal clashes over antibiotics' respective hazards, the West German government launched a national residue-sampling program using bacterial inhibition tests in April 1974.[92](#fn0460){ref-type="fn"} Inhibition tests are quick and easy to use and follow a simple principle: kidney and muscle tissue samples are placed in a petri dish containing culture medium and a test organism (usually *Bacillus subtilis*). If, following a pre-defined incubation period, bacterial growth around meat samples is inhibited this can indicate antimicrobial residues, which can then be tested for with more precise but slower methods.[93](#fn0465){ref-type="fn"} In West Germany\'s public abattoirs, inhibition tests were to be used on every 100th animal carcass and every casualty slaughter. Between April and December 1974, veterinary officials conducted a staggering 165,000 inhibition tests resulting in 1.5% positives for muscle meat and 10% positives for offal samples. The 132-fold of contemporary federal testing in the US, the massive scale of testing was supposed to restore trust in West German meat.[94](#fn0470){ref-type="fn"}

In the agricultural community, inhibition tests remained controversial. For one thing, regulators initially had difficulties assessing how big inhibition zones had to be to indicate drug residues as opposed to naturally occurring antimicrobial substances. Comparing the inhibition test to a "lottery game,"[95](#fn0475){ref-type="fn"} this imprecision caused alarm amongst farmers fearing false positives. Moreover, early *B. subtilis*-based tests' sensitivity varied significantly for different antibiotics:AntibioticInhibitory concentrationChlortetracycline0.05 ppmTetracyclin0.3 ppmOxytetracycline0.6 ppmPenicillin0.1 ppmTylosin10 ppmErythromycin6 ppmSpiramycin150 ppmOleandomycin10 ppmStreptomycin8 ppmNeomycin100 ppmChloramphenicol5 ppmPolymixin300 ppm[96](#fn0480){ref-type="fn"}

The public health implications were significant. Tests were able to detect small concentrations of legally available and nontoxic tetracyclines but only very high concentrations of hazardous black market antibiotics like chloramphenicol, neomycin, and polymixin. Noting that the odds of being caught remained small, one farming magazine claimed: "Shrewd or irresponsible people will continue to be able to get away with using the 'right' substances."[97](#fn0485){ref-type="fn"} In other words, inhibition tests might actually boost black market sales.

Under public pressure to combat illegal *Chemie* in food, the West German government pressed for EEC-wide inhibition test controls. By the second half of the 1970s, West German pressure led to major clashes with the British government and German rejections of contaminated British meat.[98](#fn0490){ref-type="fn"} Describing a 1978 meeting on standardized EEC meat controls, a British delegate noted that discussions of sample sizes led to a "good deal of acrimonious discussion with the German representative proving the most vocal."[99](#fn0495){ref-type="fn"} Continental representatives had talked "a good deal of nonsense ... about the willingness of consumers to pay for extra protection."[100](#fn0500){ref-type="fn"}

Domestically, German regulators also attempted to crack down on the "Grey Drug Market" (*Grauer Arzneimittelmarkt*). Attempting to cut costs, some farmers were mass-medicating their herds with dubious drug cocktails. Meanwhile, various salesmen and veterinarians offered prescriptions and medications at competitive prices without even seeing the respective animals. By 1975, the popular term *Autobahntierarzt* (motorway veterinarian) had emerged to describe veterinarians selling drugs out of cars at motorway stops. The Grey Drug Market itself was enabled by a lack of nationally unified regulations for veterinary drug sales and a 1964 Dutch law legalizing the export of therapeutics even if these substances were illegal in other countries.[101](#fn0505){ref-type="fn"}

Attempting to redress the situation without severing farmers' access to prophylactic treatments, the West German government devised a compromise solution. In April 1974, a veterinary amendment (*Tierarztnovelle*) mandated that drugs should be dispensed to farmers only if herds had actually been inspected. One year later, section 12 of the 1975 ordinance for the purchase, production, storage, and distribution of therapeutics (*Verordnung über Erwerb, Herstellung, Aufbewahrung und Abgabe von Arzneimitteln*) specified that larger quantities of medication were to be dispensed only if animals were inspected every eight weeks and medications' purpose and duration was documented prior to sales.[102](#fn0510){ref-type="fn"}

However, the directives proved ineffective and reports soon surfaced that veterinarians were now selling drugs alongside "herd inspection confirmations" via mail order. A spot check in a Bavarian county revealed that "in no single case ... use and fate of sold therapeutics"[103](#fn0515){ref-type="fn"} had been documented properly. Such erroneous documentation was not only problematic for food security but also regarding the state\'s ability to tax veterinarians' income from drug sales. Amongst farmers and veterinarians, officials encountered a wall of silence:"It is usually impossible to follow up on occasional accusations (...) regarding the supposedly flourishing therapeutic black market because no single veterinarian is willing to file an official complaint.[104](#fn0520){ref-type="fn"}"

The silence was normally broken only when one veterinarian attempted to expand sales amongst another veterinarian\'s clients. However, even then, denunciations were filed privately. According to one veterinarian, farmers were purchasing medications directly because they "did not want to pay the 25 Marks for a herd visit from the responsible veterinarian."[105](#fn0525){ref-type="fn"} By 1981, German states were conducting 400 investigations against illegal veterinary drug sales with most investigations centring on Lower Saxony, Bavaria, and Hessia. Most illegal sales consisted of beta-blockers, estrogens, sulphonamides, and antibiotics with chloramphenicol receiving special mention.[106](#fn0530){ref-type="fn"}

Compliance problems also affected the West German feed industry. Despite increased fines and the incorporation of consumer protection into the federal feed law in 1973, local authorities often treated feedstuff offences as non-prosecutable minor misdemeanors. One reason for this was lacking access to antibiotic assays and widely differing assay methodology across West Germany.[107](#fn0535){ref-type="fn"} In 1973, spot checks revealed that 45.8% of antibiotic feed samples failed to meet German feed law requirements.[108](#fn0540){ref-type="fn"} While federal violation detections fell to 9.1% of analyzed samples in 1978, actual fines for feedstuff offences remained puny.[109](#fn0545){ref-type="fn"}

Preoccupied with antibiotic residues and feed violations, German authorities continued to neglect the dangers of bacterial resistance proliferation and unilaterally licensed further AGPs such as avoparcin in 1977. Focusing on avoparcin\'s efficacy, toxicity, and carcinogenic effects, regulators ignored grave internal concerns about Cyanamid-sponsored resistance tests, which had measured resistance development amongst already resistant bacteria.[110](#fn0550){ref-type="fn"}

Meanwhile, German consumers' on-going concern about conventional food invigorated the previously marginal organic sector. For many consumers, a large part of organic food\'s appeal was the absence of *Chemie*. Regarding animal products, the absence of antibiotics and hormones served as a common denominator of many alternative production philosophies. Just how powerful the appeal of antibiotic-free "purity" could be is highlighted by the Redlefsen KG\'s 1972 launch of the antibiotic-free *Reinschmecker* (pure taster) sausage---a word play on *Feinschmecker* (gourmet). Described by Ulrike Thoms, the Redlefsen KG was subsequently sued and forced to end *Reinschmecker* sales by competitors fearing for the image of their own products.[111](#fn0555){ref-type="fn"} However, the *Reinschmecke*r-case did not end the organic boom and press articles continued to praise non-intensively farmed meat and "poison and chemical free agricultural products."[112](#fn0560){ref-type="fn"} In 1981, the Catalyst-Group published the popular *Chemie in Lebensmitteln* (chemicals in food), which provided consumers with information on foodstuffs' ingredients and how to avoid *Chemie*-exposure. Antibiotics featured prominently in the book.[113](#fn0565){ref-type="fn"}

With sales of "pure" food booming and *Chemie*-fears peaking in the years following the 1976 dioxin disaster in Seveso,[114](#fn0570){ref-type="fn"} West Germans continued to marginalise the hazard of bacterial resistance selection on farms. Titled "Are the farmers poisoning us? *Chemie* in agriculture,"[115](#fn0575){ref-type="fn"} a 1978 *Spiegel* issue featured a gasmask-wearing farmer sowing a field ([Fig. 2](#fig0010){ref-type="fig"}). According to the *Spiegel*, mass-use of pesticides, antibiotics, and herbicides by *Chemie*-farmers was laying the table for Germans' "last supper"[116](#fn0580){ref-type="fn"} (*Henkersmahlzeit*). Once again, antibiotics featured less as a selector for microbial resistance than as an invisible adulterant. Similar reports continued to appear throughout the German media during 1980s.[117](#fn0585){ref-type="fn"} Concerns about the risk posed by "infectious resistance" continued to be displaced by a vernacular risk emphasis on residues.

Unsurprisingly, heightened public *Chemie* criticism increased conflicts with West German farmers. Despite often harboring private health concerns, the majority of farmers felt that there was no alternative to chemical-dependent intensification.[118](#fn0590){ref-type="fn"} This was also true for agricultural antibiotics. While farming magazines stigmatized farmers caught abusing veterinary drugs as "fixers"[119](#fn0595){ref-type="fn"} and criticized antibiotic use to compensate substandard production methods, they encouraged antibiotic use to optimize management and defeat diseases.[120](#fn0600){ref-type="fn"}

Tensions between West German farmers and the wider public peaked during the early 1980s. On New Year\'s Eve 1979, the Bavarian Broadcasting Service (*Bayerischer Rundfunk*, BR) caused a uniquely German scandal by broadcasting the *Biermösl Blosn\'s* "evening prayer of the modern farmer" (*Nachtgebet des modernen Landwirts*). The song was a persiflage of the Bavarian hymn (*Bayernlied*):"God be with you, you land of the BayWa, German fertilizer of phosphate""Over your wide-open fields lies *Chemie* from early morning to late at night""And this is how your beets grow and you feed your sow.""Dear Lord stay in heaven, we have Nitrophoska Blue![121](#fn0605){ref-type="fn"}"

Bavaria\'s farming community was outraged and demanded a full apology from the BR.[122](#fn0610){ref-type="fn"} However, three months later, Klaus Peter Schreiner published a further persiflage of a popular children\'s song in the widely read *Süddeutsche Zeitung*:"In March the farmer starts the tractor""and sprays the field assiduously and tenaciously""no small caterpillar, no small plant survives the poison,""in the forest, the stomach of the small bird rises.""In Summer the farmer empties his sack""fertilizes the fruits of which one eats""he knows how to fertilize by heart""from Bayer, von Hoechst and from BASF.""In Autumn the farmer thanks animal medicine""Because of penicillin, the milk does not turn sour""The Pigs are lean and long as never before""to the honor of animal pharmacology.""In Winter the farmer takes his checkbook""with wife and child he climbs into the Mercedes""He drives into the county town---he is not stupid""and shops in the organic *Reformhaus---*he knows exactly why.[123](#fn0615){ref-type="fn"}"

Playing on the popular link between antibiotics, *Chemie*, and *Gift*, the persiflage prompted farming magazines to complain about an "evil 'poison campaign' of the public"[124](#fn0620){ref-type="fn"} and publish lyrical counterattacks. Following further criticism of veterinary drugs on national TV, an agricultural commentator bemoaned the endless stream of depictions of "the farmer as a destructor of the environment and poisoner (*Vergifter*) of food."[125](#fn0625){ref-type="fn"}

In many ways, the controversies of 1980 reveal the extent to which *Chemie* criticism had become the cornerstone of West German protest against intensive agriculture. For activists, the rhetoric umbrella of *Chemie* enabled the simultaneous criticism of chemically distinct substances like antibiotics, hormones, pesticides, herbicides, and fertilisers. *Chemie\'s* invisible and poisonous image also enabled powerful analogies to contemporary mass protests against nuclear energy and growing fears about the *Waldsterben*.[126](#fn0630){ref-type="fn"}

However, the power of *Chemie*-focused criticism also meant that West German measures against bacterial resistance proliferation remained half-hearted. The growing international risk episteme surrounding resistance proliferation failed to effectively "stage" bacterial resistance and penetrate West Germans' vernacular risk discourse. Whereas Sweden pioneered a complete AGP ban because of resistance concerns in 1986, West German authorities continued to limit antibiotic hazards to a "*Gift* in meat problem."[127](#fn0635){ref-type="fn"} Because regulating this "*Gift* problem" mainly entailed enforcing withdrawal times, it was both easier and politically more rewarding to tackle than controversial antibiotic restrictions. This did not mean that Germans were unafraid of bacterial resistance proliferation in agricultural settings. Rather, resistance fears paled in comparison to the specter of invisible *Chemie* in milk, food, and bodies.[128](#fn0640){ref-type="fn"}

Conclusion {#sec0015}
==========

In the end, West Germany never effectively addressed agricultural antibiotics' selection for bacterial resistance. With consumers and farmers embroiled in *Chemie*-conflicts, rising levels of bacterial resistance remained an elephant in the room. Everybody was aware of it but nobody cared enough to priorities it as a risk and regulatory issue.

Real change occurred only after reunification with East Germany where researchers like Wolfgang Witte were already warning about resistance selection on farms.[129](#fn0645){ref-type="fn"} During the 1990s, the BSE crisis and resistance against reserve antibiotics forced Europeans to reform agricultural antibiotic policies. In 1994, Germany supported the EU\'s ban of chloramphenicol AGPs. One year later, reports of cross-resistance between avoparcin and the reserve antibiotic vancomycin prompted Germany, Denmark, and the Netherlands to veto a British re-licensing request for avoparcin dairy cow feeds. Germany subsequently followed Denmark\'s suit in banning avoparcin AGPs in 1996 and supported a 1997 EU ban. With Scandinavian countries pressing for further antibiotic restrictions, the EU decided to phase out virginiamycin, avilamycin, salinomycin-natrium, and flavophospholipol AGPs by July 1999.[130](#fn0650){ref-type="fn"} The grace period for the four remaining AGPs did not last long. The 2001 confirmation of BSE in German herds resulted in a national crisis and a Green Minister of Agriculture who promptly announced an agricultural turnaround (*Agrarwende*) and supported further antibiotic bans at the European level. Two years later, EU Directive Nr. 1831/2003 led to the phasing out of remaining AGPs by January 2006.

Although the era of antibiotic growth promotion has ended, therapeutic antibiotics remain popular on German farms. Their use is also more widespread than previously thought. Recent data collection reforms have revealed that Germans used 1706 tons of agricultural antibiotics in 2011---the highest amount in Europe.[131](#fn0655){ref-type="fn"} Although agricultural antibiotic use has since fallen to 1452 tons in 2013, larger amounts of less potent antibiotics have been substituted with smaller amounts of more potent---and therapeutically valuable---fluoroquinolones.[132](#fn0660){ref-type="fn"}

In this situation, the history of antibiotic use has lessons to offer. With bacterial resistance continuing to rise and the pipeline for new antibiotics stalling, regulators will have to reduce antibiotic dependency in both medicine and food production. Despite being invaluable therapeutics, it seems dubious to subsidize the development of new antibiotics if these will merely serve as temporary plugs for a leaking ship. Instead of focusing on technical fixes, regulators will have to redress the cultural root causes of antibiotic overuse in Western medicine and food production. With over half of global antibiotics used in agriculture,[133](#fn0665){ref-type="fn"} changes in current farming practices are necessary if global antibiotic use is to fall. Moreover, it will not be enough to reduce antibiotic use unilaterally---bacterial resistance knows no borders. Although the 1960s Swann bans and contemporary EU bans had important signal effects, only binding international treaties on reductions of antibiotic use will be able to preserve existing and future antibiotics' efficacy.

Such a consensus will be difficult to reach. As has been shown for West Germany, there is nothing "natural" about being more concerned about bacterial resistance than about antibiotic residues in food. As highlighted by Ulrich Beck, knowing about a risk is not the same as being sufficiently afraid to regulate it. Instead, the successful cultural "staging" of a risk by experts, activists, and policy makers as well as a risk\'s successful adoption into consumers' and producers' vernacular risk repertoire is decisive for the creation of sustained societal action. In the case of agricultural antibiotics, future regulators will have to do more than merely state the all too familiar "facts" about antibiotic resistance to convince governments to reduce antibiotic use. Instead, they will have to learn and speak in the language of individual risk cultures before being able to successfully "stage risk" and convince consumers, farmers, and officials that substance restrictions are in their long-term self-interest. The nature of this challenge is not only scientific but also cultural.
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